In recent years rapidly growing antibiotic resistance has increased interest toward natural products, especially essential oils because of their various effects. The aim of this study was to identify the chemical composition of the commercial Origanum onites essential oil (EO) and to investigate the antimicrobial activity by disc diffusion and dilution methods, against ten different ATCC strains, including eight bacteria, two yeasts and seventy-nine clinical nosocomial Escherichia coli isolates that produce extended spectrum beta lactamase (ESBL). The chemical composition of EO was analyzed by GC and GC-MS. The major compounds of the EO were determined as carvacrol (51.4%) followed by linalool (11.2%), p-cymene (8.9%) and γ-terpinene (6.7%). O. onites EO had antimicrobial activity against all standard strains and inhibited microbial growth of ESBL positive E. coli isolates. According to our results, O. onites EO may be an alternative to synthetic drug, used in combination with other antibiotics for treatment of infection caused by multidrug resistant bacteria after testing toxic effects and irritation at preferred doses on human.
INTRODUCTION
The important elements in the formation of resistance to antibiotics in Enterobacteriaceae is ESBL production. ESBLs are the enzymes that are carried by the bacterial plasmids. They are very important due to cause resistance to a large number of extended spectrum beta-lactam antibiotics and spread very quickly. ESBL producing microorganisms cause serious infections especially in the intensive care unit [9] . Carbapenem group antibiotics are used for the treatment of these infections.
MATERIALS AND METHODS

Essential oil sample
The EO with serial number (8699851364106) was supplied from Tabia Company that produces commercial EOs. The EO was obtained from aerial parts of O. onites by hydrodistillation. Two of the EOs were analyzed by GC/MS. Their EO profiles were identical, so, the analyses were continued with one of the samples.
Gas Chromatography-Mass Spectrometry analysis of essential oil
Analysis of the EO was done simultaneously by gas chromatography (GC) and gas chromatography-mass spectrometry (GC/MS) systems. GC analysis was performed on an Agilent 6890N Network GC system (Agilent Technologies, USA) and GC/MS analysis was performed on Agilent 5973 Network Mass Selective Detector (Agilent Technologies, USA) integrated with the GC system. The analysis was performed using HP-Innowax column (60.0 m × 0.25 mm × 0.25 mm) (Agilent Technologies, USA) and Helium as carrier gas (1.2 mL/min). The oven temperature was set to 60 °C for 10 min after injection, then increased to 220 °C with 4 °C/min heating ramp for 10 min and increased to 240 °C with 1 °C/min heating ramp without hold. Both injector and detector (FID) temperatures were 250 °C; split ratio was adjusted to 20:1. Injection volume was 2.0 µL. MS conditions were as follows: ionization energy, 70 eV; ion source temperature, 280 °C; interface temperature, 250 °C; mass range, 34-450 atomic mass units.
Identification of the components was assigned by comparison of their relative retention indices and mass spectra with corresponding data [1] and by comparison of their mass spectras with Wiley and Nist library datas. The percentages of the components were calculated from the GC peak areas, using the normalization method. disc diffusion, agar dilution and micro-dilution were performed for determination of antimicrobial susceptibility of the strains.
Bacterial strains and antimicrobial activity
Disc diffusion method
Primarily antibacterial and antifungal activities of O.onites EO were determined by disc diffusion method to get an idea about antimicrobial effects of EO for further study. Each assay was performed in duplicate. After disc diffusion test, O. onites EO was found more effective against E. coli ATCC 25922 and E. coli ATCC 35218 compare to other standard strains therefore ESBL positive nosocomial E.coli isolates were selected for the other antibacterial activity tests.
Agar dilution methods
Agar dilution method was the first method used in this study for the determination of the minimum inhibitory concentration (MIC) of O. onites EO. Agar plates were prepared as containing different concentration of EO. For this, firstly different concentrations of EO were prepared, and then MHA melted and warmed to approximately at 45-50 °C. The different concentrations of EO were poured into agar at a ratio of 1/10. It was allowed that the surface of the agar plates to dry before use. Bacterial suspensions were adjusted to Mc Farland 0.5 with turbidity with nephelometer and diluted at ratio 1/10 and added the inoculum suspension to the multi-point inoculator wells. The suspension transferred to the surface of agar plates including a control plate without EO with apparatus of multi-point inoculator. The agar plates were incubated at 37 °C for 16-20 h. After incubation MIC was determined as the lowest concentration without visible growth. The test for each isolates was repeated three times.
Micro-dilution method
The MIC value of O. onites EO was determined by broth micro-dilution method according to The European Committee on Antimicrobial Susceptibility Testing (EUCAST) standards [13] . First, 100 µL Mueller-Hinton Broth (MHB) was distributed into 96-well micro titer plates. Then EO at a 100 µL/mL final concentration was added and serially diluted by two-fold dilution. Bacterial suspension was prepared with phosphate buffered saline from fresh culture of bacteria and adjusted to turbidity equivalent to McFarland 0.5 with nephelometer. The turbidity was diluted at a ratio 1/100 in MHB to obtain a final density of 5 × 10 5 cfu/mL. Finally, 100 µL of this bacterial suspension was added to each well. Agar plates were incubated at 37 °C for 16-20 h. The lowest concentration that inhibits growth was determined as MIC value. The test for each isolates was repeated three times.
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Statistical analysis
The correlation between agar dilution and micro-dilution methods was evaluated using correlation test with SPSS for Windows packet program (Version 20).
RESULTS
Turkish oregano EO was analyzed by GC/MS to clarify the components in this study. Composition of the EO is given in (Table 1 according to disc diffusion method for all standard strains are shown in (Table 2 ). In the second part of the study, micro-dilution and agar dilution methods were used for determining MIC values of oil due to importance of obtaining of inhibitory concentration in antimicrobial activity tests. MIC values determined with micro-dilution and agar dilution methods for O. onites EO against ESBL positive nosocomial E. coli isolates are given in (Table 3 ). According to the results of statistical test, positive correlation (p = 0.722) was determined between two methods. Our results obtained with two methods, were found to be compatible with each other. MIC values of E. coli ATCC 25922 and E. coli ATCC 35218 were determined and found 1.56 µL/mL and 6.25 µL/mL with micro-dilution method and 3.12 µL/mL and 6.25 µL/mL with agar dilution method respectively. Clinical ESBL positive E. coli strains were included in the study for determining antimicrobial activity of O. onites EO with two different methods. The ranges of MIC values are 1.56-25 µL/mL and 3.12-25 µL/mL for micro-dilution and agar dilution methods, respectively. There is a positive correlation between two methods. These two methods were performed for E. coli ATCC 25922 and E. coli ATCC 35218 strains. MIC values of E. coli ATCC 25922 and E. coli ATCC 35218 were found 1.56 µL/mL and 6.25 µL/mL with micro-dilution method and 3.12 µL/mL and 6.25 µL/mL with agar dilution method respectively. These results indicate that this EO is effective against ESBL positive E. coli isolates as ATCC strains.
DISCUSSION
Rapidly growing antibiotic resistance in recent years is an important problem for treatment of infection. Antimicrobial resistance observed increasingly in E. coli, may be explained by the spread of multidrug resistant plasmids that also contain genes for the production of ESBL. It is known that ESBL producing microorganisms cause serious infections, especially in the intensive care unit. This situation has increased interest toward natural products. Aerial parts of Origanum, Satureja, Thymbra, Thymus and Coridothymus capitatus species are generally known as "kekik (thyme)" in Turkey, and are used for herbal tea, condiments to soups, salads and meat meals, and essential oils as well as aromatic water [19] . Oregano water is taken orally for gastrointestinal disorders, to reduce blood cholesterol and glucose levels. Oregano EO is used as a painkiller in rheumatism by rubbing externally on the painful limbs [4] . In addition, oregano EO has antibacterial, antispasmodic, antiseptic, analgesic properties and also have digestive, reducing the blood glucose level, sedative, diuretic, menstrual regulator, cough suppressants and analgesics effects. O. onites exhibited complete inhibition of the following food-borne fungi Aspergillus flavus, Aspergillus niger and some other Penicillium species [2] . The major compounds of the oil were determined as carvacrol (51.4%) followed by linalool (11.2%), p-cymene (8.9%) and γ-terpinene (6.7%). Carvacrol (5-isopropyl-2-methylphenol) is one of the main components of O. onites EO and produced in the plant as a result of chemical defense mechanism against microorganisms [31] . Thus the EO can be encountered as carvacrol-rich EO which is used for their high potency as antimicrobial and antifungal properties [18] . Studies conducted on various Origanum species revealed that the major component of these oils are predominantly carvacrol [7, 20, 25, 26, 30] , besides thymol or linalool also can be found as major components [24, 25] . Kaçar et al. [16] have searched EO composition obtained from the leaves of O. onites in different agronomical traits and they found that oils contain carvacrol as major compound varying between 68.68% and 89.86%. In another study, carvacrol (57.4%) was found as major compound followed by thymol (11.6%) from the EO obtained from aerial parts of O. onites EO [12] . In another study Baydar et al. [6] reported that EO obtained from O. onites aerial parts contains carvacrol (84.6%) as major component. The results related with major components of O. onites EO that were obtained from literature survey are compatible with our present results.The antimicrobial nature of the EOs is apparently related to their high phenolic contents, particularly carvacrol and thymol, and this finding is in agreement with previous reports [8, 11] . Natural terpenoid thymol and its phenol isomer carvacrol are known as representing the main compounds of oregano EO oil which are responsible for the antimicrobial activity [14] . Askun et al. [3] described that O. onites (the amount of carvacrol was 243.2 µg/mL in the methanol extract of the plant) showed the best antimicrobial activity against S. typhimurium and E. aerogenes (MIC 640 µg/mL) which also inhibited significantly S. epidermidis (MIC 640 µg/mL) and M. tuberculosis (MIC 784 µg/mL) but not S. aureus. Sarac and Ugur [23] [21] demonstrated antimicrobial activity of oregano EOs against food spoilage bacteria. Also oregano EO is used for controlling plant diseases, particularly on fruit [15, 28] . Skandamis et al. [27] underlined that oregano EO (0.8% v/w) eliminated S. typhimurium from meat in conjuction with vacuum packaging.
According to our literature survey, there are no studies about antimicrobial activity of O. onites with a great number of nosocomial ESBL positive strains. The first important point of this study is the number and the speciality of the isolates used in the experiments. The second point is the comparison of the antimicrobial susceptibility test methods. Two methods were used for screening the antibacterial activity which are also recommended by EUCAST and CLSI, used in this study. Therefore the data were compared. The O. onites EO was found effective against nosocomial
